Evidence is presented for standard model production of a Z boson in association with a single top quark. The analysis uses a data sample of proton-proton collisions at √ s = 13 TeV recorded in 2016 by the CMS detector, corresponding to an integrated luminosity of 35.9 fb −1 . Final states containing three leptons (electrons or muons) and at least two jets are investigated, and the measured cross section is σ(pp → tZq →Wb + − q) = 123 +44 −39 fb, where stands for electrons, muons or taus. The corresponding observed (expected) significance is 3.7 (3.1) standard deviations.
Introduction
At the CERN LHC, top quarks are predominantly produced in pairs (tt) via the strong interaction. Single top quarks can also be produced via the electroweak interaction. The unprecedented centre-of-mass energy reached at the LHC and its large luminosity make it possible to study very rare processes for the first time. This analysis aims at measuring the cross section of one such process: the associated production of a single top quark and a Z boson, denoted tZq. For proton-proton collisions at a centreof-mass energy of 13 TeV, the cross section of the tZq process considering only the leptonic decays of the Z boson (to electrons, muons or taus), including lepton pairs from off-shell Z and γ bosons with invariant mass m + − > 30 GeV, is calculated * to be σ SM (tZq → t + − q) = 94.2 +1.9 −1.8 (scale) ± 2.5 (PDF) fb. A previous search at 8 TeV with the CMS experiment [1] found an observed significance of 2.4 standard deviations [2] . The ATLAS Collaboration recently reported evidence for tZq production at 13 TeV [3] . The observation and subsequent measurement of the cross section of this production mechanism allow both to probe the Standard Model (SM) in a unique way and to help constrain beyond-SM models. For example this process is sensitive to the top quark coupling to the Z boson, but also to the triple gauge-boson coupling WWZ. Moreover, tZq is sensitive to flavour-changing neutral current (FCNC) processes which share a similar final state. These processes are strongly suppressed within the SM due to the GIM mechanism [5] , but are predicted to be largely enhanced in several beyond-SM models. Therefore, deviations from the expected SM tZq production cross section could be indicative of the presence of new physics.
Event selection and background estimation
The signature of the tZq process consists of a single top quark, a Z boson and an additional ("recoiling") jet emitted in the forward region of the detector (absolute pseudorapidity |η| > 2.4). This analysis targets events where both the Z boson and the W boson coming from the top quark (t → Wb) decay leptonically (either to electrons or muons), leading to a final state containing three leptons, a light and bottom quark, and missing transverse energy arising from the undetected neutrino. This leads to four possible final states depending on the leptons flavours : µµµ, µµe, eeµ and eee. All selected events are required to contain exactly three isolated leptons with transverse momentum p T greater than 25 GeV. Electrons (muons) must satisfy |η| smaller than 2.5 (2.4). Among the three selected leptons, there must be an opposite-sign same-flavour pair having an invariant mass compatible with that of a Z boson ( 76 < m + − < 106 GeV). Jets are required to satisfy p T > 30 GeV and must be within the extended pseudorapidity range |η| < 4.5, to account for the forward jet. Jets that originate from the hadronisation of a b quark are identified (tagged) using the combined secondary vertex (CSVv2) algorithm [6] [7] , which combines various track-based variables with secondary-vertex variables to construct a discriminating observable in the region |η| < 2.4. The chosen working point of the algorithm corresponds to an efficiency btag = 83% with a mistag rate mis = 10%. To reduce the contributions from backgrounds containing four leptons in the final state (e.g. ZZ, ttZ and ttH), events containing an additional fourth lepton with p T > 10 GeV are not considered. The final state targeted in this analysis contains sizeable contributions from backgrounds containing three prompt leptons (from W or Z decay), mainly WZ+jets and ttZ. There is also a large contamination from backgrounds containing two prompt leptons and one not-prompt lepton, which is either coming from heavy-flavour hadron decay, from photon conversion, or was misreconstructed as a lepton. This contamination is almost entirely due to the tt and Drell-Yan (DY) processes, which are referred to as the "not-prompt background". Unlike all other backgrounds, this sample is evaluated directly from the data, as these processes are known to be poorly modeled by the Monte Carlo simulation. To obtain it, the isolation requirement is reverted and the identification criterion is loosened for one lepton among any of the three. This procedure ensures that the correct fractions for both processes (tt and DY) are correctly represented in the final sample. Three orthogonal regions are then defined based on the jet and b-jet multiplicities. The "1bjet" signal region is defined as containing two or three jets, among which exactly one b-tagged jet. The "2bjets" control region, which also contains some signal and is useful to control the ttZ background, contains events with at least 2 jets among which at least two b-jets. Finally the "0bjet" control region, enriched in WZ+jets and not-prompt backgrounds, contains events with at least one jet among which no b-jet. A preliminar fit to the data is performed in the 0bjet region, with only the not-prompt contribution let floating, in order to normalise this data-driven sample.
Analysis strategy and results
In the 1bjet and 2bjets regions, a multivariate approach is implemented. Boosted Decision Trees (BDT) are trained to discriminate the signal against the ttZ, WZ+jets and ZZ backgrounds. While most of the input variables are kinematic and angular observables, a few variables (four in the 1bjet region, two in the 2bjets region) are obtained with the Matrix Element Method (MEM) [8] . The principle of this method is to compute a weight for each event (both for data and simulation) depending on a given hypothesis. In this analysis, the weights are computed under the signal, ttZ and WZ+jets hypotheses. Therefore this method provides variables which quantify the compatibility of events with each of these processes. These variables are then included as any other to train the BDTs. The addition of these high-level variables are found to significantly improve the discrimination powers of the BDTs. The signal is extracted by performing a likelihood fit simultaneously in the three regions and in the four channels. The not-prompt background normalisation is let free in the fit. In the 0bjet control region, the distribution of the transverse mass of the W boson is used. It is defined as m
(1 − cos(∆φ)), where p T is the transverse momentum of the lepton produced in the W boson decay and ∆φ is the difference in azimuth between the direction of the lepton and the direction of p miss T . In the two other regions, the distributions of the BDT discriminants are used. Data-to-prediction comparisons in the 1bjet and 2bjets regions are shown for three of the most discriminating input variables in Fig. 1 . The cross section is measured to be σ(tZq → t + − q) = 123
−23 (syst.) fb, which means that an excess of events is observed which is compatible with the Standard Model prediction within one standard deviation. The corresponding observed and expected significances are 3.7 and 3.1 standard deviations respectively. 
